NaGdF 4 : Er 3+ , Ho 3+ , Yb 3+ core. An initial mixture of 12.5 mL each of oleic acid (90 %, Alfa Aesar, USA) and 1-octadecene (90 %, Alfa Aesar, USA) was prepared in a 100 mL three-neck round bottom flask (Solution A).
vessel containing solution A using a syringe and pump system (Harvard Apparatus Pump 11 Elite, USA) at a 1.5 mL/min injection rate. The mixture was left at 315 ºC under vigorous stirring for 60 min.
Core/NaGdF 4 : Yb 3+ shell #1. A solution of shell #1 precursor and 2.5 mmol of sodium trifluoroacetate dissolved in 4 mL each of oleic acid and 1-octadecene (Solution C, degassed at 145 ºC under vacuum with magnetic stirring for 30 min) was injected into the reaction vessel at 1.5 mL/min injection rate. The mixture was left at 315 ºC under vigorous stirring for 60 min to form the NaGdF 4 : Yb 3+ shell #1 around the previously formed core of T NIR -NPs.
Core/shell #1/NaGdF 4 : Nd 3+ , Yb 3+ shell #2. A solution of shell #2 precursor and 2.5 mmol of sodium trifluoroacetate dissolved in 4 mL each of oleic acid and 1-octadecene (Solution D, degassed at 145 ºC under vacuum with magnetic stirring for 30 min) was injected into the reaction vessel at 1.5 mL/min injection rate. The mixture was left at 315 ºC under vigorous stirring for 60 min to form the NaGdF 4 : Nd 3+ , Yb 3+ shell #2 around Core/shell #1.
Core/shell #1/shell #2/NaGdF 4 . Finally, solution E (undoped shell #3 precursor, 2.5 mmol sodium trifluoroacetate, 4 mL oleic acid, 4 mL 1-octadecene, degassed at 145 ºC under vacuum with magnetic stirring for 30 min) was injected at 1.5 mL/min injection rate resulting in the growth of the outer passivating shell #3.
After a total of 4 h of reaction time, the final mixture was allowed to cool down to room temperature, maintaining the magnetic stirring and Ar atmosphere. Subsequently, the oleate-capped core/shell/shell/shell T NIR -NPs were precipitated with ethanol and recollected via centrifugation at 6000 RPM for 15 min. The obtained T NIR -NPs were washed twice with a mixture of hexane/ethanol (1/4 v/v) and precipitated via centrifugation. Finally, the oleatecapped T NIR -NPs were redispersed in hexane for storage and physical characterization.
T NIR -NPs transfer to water via phospholipid coating
Oleate-capped T NIR -NPs were transferred into an aqueous environment (T NIR -aqNPs) following a modified, previously reported, phospholipid coating method. was added in order to hydrate the dry phospholipid film under sonication at 65 ºC temperature for 60 min.
Finally, the mixture was successively passed through 0.45 µm and 0.2 µm filters to remove large phospholipid and NP-phospholipid structures.
Structural characterization of T NIR -(aq)NPs
The crystallinity and phase of the core-only, core/shell #1, core/shell #1/shell #2, and core/shell #1/shell #2/shell #3 structures were determined via X-ray powder diffraction (XRD) analysis on a Bruker D8 Advance Diffractometer using CuKα radiation. The morphology and size distribution of the core-only, core/shell #1, core/shell #1/shell #2, and core/shell #1/shell #2/shell #3 NPs were further investigated by transmission electron microscopy (TEM, Philips Tecnai 12). The particle size was determined from TEM images using ImageJ software with set size of 400 particles per core-only, core/shell #1, core/shell #1/shell #2, and core/shell #1/shell #2/shell #3 samples.
Fourier transform infrared (FTIR) spectra of the synthesized oleate-capped T NIR -NPs, ligand-free T NIR -NPs (ligand removal was achieved according to previously reported method 3 ), PEG-DOPE micelle encapsulated T NIRaqNPs, pure PEG-DOPE, and pure oleic acid were recorded with a ThermoFisher Scientific Nicolet 6700 FTIR spectrometer. The specimens were prepared mixing together few milligrams of dried samples, or a drop of liquid samples, with KBr (FTIR grade, Alfa Aesar, USA) and pressing them in tablets. TEM images of PEG-DOPE coated T NIR -aqNPs were obtained with a FEI Tecnai G2 spirit Twin microscope.
Optical characterization of T NIR -(aq)NPs and their thermal response in NIR
Upconversion and NIR emission spectra T NIR -(aq)NPs (in hexane or water) were obtained at room temperature under laser diode excitation of 806 nm (140 W/cm 2 ; Lumics, Germany). The upconversion emission was collected using a lens at a 90º angle from the excitation beam and recorded with an Avaspec-ULS2048L spectrometer (Avantes, Netherlands). The optical path configuration of 180º angle between the excitation and collection pathways was utilized for the NIR emission measurements, which was recorded with a Shamrock 500i monochromator (Andor, Ireland) equipped with an iDus InGaAs 1.7 NIR detector (Andor, Ireland). In order to remove any stray light from the excitation source a short-pass 785 nm and a long-pass 980 nm filters (Semrock, Inc., USA) were used for the visible and NIR range spectrum acquisitions, respectively. T NIR -(aq)NPs in water and hexane were maintained at approximate 1 wt% concentration for all measurements.
NIR imaging through chicken breast tissue was carried out by exciting (806 nm; 11 W/cm 2 ) the dry pellet of T NIRaqNPs or colloidal suspension of T NIR -aqNPs in a 0.2 mm optical path length glass capillary (Electron Microscopy Sciences, USA). The chicken breast tissue was placed between the sample and NIR imaging camera (XEVA-1781, Xenics, Belgium), emitted light in the 1100 -1700 nm spectral range was selected either by long-pass 1150 nm (1150LP) or 1450 nm (1450LP) filters (Thorlabs, USA).
The thermal response of T NIR -NPs and T NIR -aqNPs was measured in the 20 to 50 ºC temperature range at 5 ºC increments. The temperature was changed using a temperature controlled cuvette holder (qpod 2e by Quantum Northwest, Washington, USA). 10 min intervals were maintained between the measurements in order to assure the stabilization of set temperature across the sample. The nanothermometric properties of the T NIR -aqNPs were determined from a triplet of heating-cooling cycles.
Nanothermometric properties (relative thermal sensitivity S r ) were additionally tested in Dulbecco's modified Eagle's cell culturing medium containing 10% fetal bovine serum (PAN-Biotech, Germany) and different normal/heavy water (99.98 at%; Sigma Aldrich, Germany) ratios (4:0, 3:1, 2:2, 1:3).
Estimating nanothermometric performance of T NIR -aqNPs
Luminescence intensity ratio (LIR) is estimated taking the ratio between the integrated intensities (I1 and I2) of the temperature sensitive emission bands (here I1 -Ho 3+ 1.18 μm or Er 3+ 1.55 μm bands and I2 -Nd 3+ 1.34 μm band), at each temperature value:
Subsequently, the relative thermal sensitivity (S r ) of the material is calculated as:
The temperature uncertainty (δT) is given by:
All of the respective error values for the determined parameters were found according to the error propagation rules. Figure S1 . , 20 mol% Yb 3+ -shell #2 and undoped (passivating layer) shell #3 were synthesized via thermal decomposition. The uniform growth of each nanoparticle's composing layer can be observed from the TEM images. B -Taking the set size of 400 particles per sample the average sizes were estimated as 16 nm -core, 19 nm -core/shell #1, 24 nm -core/shell #1/shell #2, and 30 nm -core/shell #1/shell #2/shell #3. As can be seen from the box plots of the particle size distribution, at each of the growth steps narrow and monodisperse size distribution is maintained with only slight broadening after the formation of the passivating layer -shell #3. Boxes denote 1st and 3rd quartiles, mean values are indicated as a circle, whiskers -5th and 95th percentiles, minimum and maximum values are shown by the bars. C -X-ray powder diffraction patterns of core-only, core/shell #1, core/shell #1/shell #2, and core/shell #1/shell #2/shell #3 samples revealed pure hexagonal (β) phase crystallinity of each T NIR -NPs composing layer. water absorption and subsequent energy dissipation in the form of heat is more pronounced for 980 nm wavelength irradiation, which under prolonged illumination can raise the local temperature high enough to induce a significant error in the temperature measurement or even undesired thermal damage to biological tissues. Figure S4 . Water dispersible T NIR -aqNPs, when excited by 806 nm irradiation, show a multitude of upconversion generated emission bands in the UV, visible, and even NIR spectral ranges. Figure S5 . A, B -NIR emission observed from T NIR -aqNPs after propagation through chicken breast tissue of 1 to 5 mm of thickness (A -pellet, B -1 wt% colloidal dispersion in a glass capillary, 806 nm excitation of 11 W/cm 2 ).
Structural analysis of T NIR -NPs

Surface characterization of T NIR -aqNPs
Upconversion emission of T NIR -aqNPs
NIR emission of T NIR -aqNPs through optically scattering and absorbing media
Utilizing a set of 1150LP and 1450LP filters, it can be seen that 1.55 µm emission of Er 3+ allows to achieve higher spatial resolution due to reduced light scattering. C -Representative spectrum of T NIR -aqNPs overlapped with the transmission of 1150LP and 1450LP filters utilized for the acquisition of the corresponding images in A and B. Dataset for the transmission of filters is obtained from thorlabs.com. Figure S6 . performance across most of the tested conditions. A deviation of the S r in case of Er 3+ /Nd 3+ was observed when the relative heavy water amount constituted the majority of the total solution (75 wt%). In this case, the temperature associated NIR band intensity changes were approaching the situation observed for T NIR -NPs in hexane.
LIR of T NIR -aqNPs in water with respect to temperature changes
